Summary: This study addresses the spatial distribution of spiders (Araneae) in relation to their environment along multiple ecological and biogeographical gradients. Two study regions representing considerable variation in the alpine climate were sampled for epigeal spiders using pitfall traps: one in the oceanic region and one in the continental region of Norway. We aimed to identify the driving forces for spider species annidation in an alpine tundra ecosystem using a multi-scale approach. During the snow-free season in 2009, we sampled 6,628 adult specimens at 73 sampling locations. These data and additional information from previous studies on spider habitat preferences were used to examine the features of the species' spatial distribution. We analysed our data set using ordination space partitioning (Isopam), which relies on hierarchical partitioning of the ordination space. This method is based on a hierarchical classification of the sampling locations according to their species composition and results in classes that can be distinguished by indicator species. The aggregated classes and their spatial patterns could be linked to snow cover. Local climatic conditions had a stronger influence on spider biogeography than did broad-scale climatic conditions. We identified various indicator species for typical alpine tundra habitats that could be described as either 'chionophobous' or 'chionophilous', depending on the topography-related snow cover at the sites where they occurred. Through this multi-scale approach, this study is the first to demonstrate the importance of snow-cover patterns on the ecology and biogeography of spiders in alpine tundra ecosystems. 
Introduction
A main characteristic of the alpine belt is its clear organization along toposequences (Nagy and grabHerr 2009 ) that display the effects of elevation and associated environmental features (KörNer 2007) . Due to their presence at all latitudes and their environmental heterogeneity, high mountains are considered well-suited for a global monitoring system (e.g. WelKer et al. 2001; löFFler and FiNcH 2005; sergiO and PeDriNi 2007) . Furthermore, understanding the processes that determine the assembly of local communities remains a key objective of both community ecol-ogy and biogeography (HOrtal et al. 2012) . In this context, HODKiNsON (2005) highlighted the great potential of using terrestrial arthropods and their distribution along spatial and temporal gradients in the alpine belt to reveal how climate warming might affect the distribution of certain species and the community structure. Interest in environmental effects on epigeal arthropods has recently increased due to the observed changes in arctic and alpine habitats (ACIA 2004; IPCC 2007a, b; Høye et al. 2009; Høye and Hammel 2010; CAFF 2013) . Spiders (Araneae) offer outstanding features to characterise the spatio-temporal patterns and abundance of single species among the wide range of habitats that are occupied (uetz 1976; Wise 1993; FiNcH and löFFler 2010; legault and Weis 2013) . Furthermore, spiders constitute one of the most abundant compartments of alpine invertebrate communities and represent a huge potential for estimating alpine species diversity (FiNcH and löFFler 2010). They strongly depend on environmental factors (scHaeFer 1970; FricK et al. 2007) and have relatively small areas of activity in comparison to mammals and birds.
The alpine region provides considerable spatial variation and a large number of potential niches and habitats for invertebrates (maNi 1968; FraNz 1979) . Communities present at certain locations along alpine elevational gradients are expected to show pronounced differences with respect to their species-specific niche dimensions (OttO and sveNssON 1982) , and spiders are assumed to be one of the most suitable groups to study and monitor species diversity in terrestrial ecosystems, especially at high latitudes (marusiK and KOPONeN 2002) . In addition, alpine tundra ecosystems and the diversity of their fauna have repeatedly been proposed as good indicators of environmental change (grabHerr et al. 1995; bOWmaN 2001; ACIA 2004) .
To learn more about the driving force behind the annidation of alpine epigeal invertebrates, we used a multi-scale approach to focus on the spatial patterns of spiders along three different gradients (löFFler et al. 2006) : (1) a macro-scale gradient, represented by the strong climatic differences between oceanic and continental Norway (mOeN 1998) ; (2) a meso-scale gradient, represented by elevation and its inherent environmental changes at higher elevations, e.g. a 5.5 K decrease in air temperature for every 1 km of elevation (barry 1981) ; and (3) a topographic gradient, represented by four typical alpine habitats (ridges, depressions, and southern-and northern-exposed slopes).
Together, these habitats display the strongest differences in alpine environments within relatively short distances (FraNz 1979; DaHl 1986; löFFler and FiNcH 2005) .
Our main study aim was to analyse the spatial distribution of spiders based on climatic differences along gradients between and within the two study regions in oceanic and continental Central Norway under the assumption that alpine tundra ecosystems would allow for the identification of typical spider assemblages along the three gradients of our focus. We also aimed to determine indicator species typical for the habitats in alpine tundra ecosystems, with a special emphasis on their potential use for long-term monitoring.
Methods and materials

Study sites
Two regions were selected for this study to cover the broad-scaled oceanic-continental differences caused by the meridional extension of the Scandinavian mountain chain (Fig. 1) . The western oceanic study region (Stranda; ca. 62°03' N, 7°15' E; Møre og Romsdal) is characterised by an annual precipitation of 1,500-2,000 mm, whereas the eastern continental study region (Vågå; ca. 61°53' N, 9°15' E; Oppland), is characterised by a very low annual precipitation of only 300-400 mm (mOeN 1998). The Vågå region belongs to the 'weak continental section', and the Stranda region is part of the 'slightly oceanic section'. As described by DaHl (1986) , the alpine elevational zonation is differentiated into distinct low-alpine and middle-alpine belts in both regions. The lowalpine belt is dominated by dwarf-shrubs and heathers such as Betula nana, Empetrum hermaphroditum, and Vaccinium myrtillus, whereas the middle-alpine belt is dominated by graminoids such as Juncus trifidus, Carex bigelowii, and Luzula confusa. In Stranda, the treeline is at approximately 750 m a.s.l., while it is at approximately 1,030 m a.s.l. in Vågå. The upper limit of the low-alpine belt is found at approximately 1,200 m a.s.l. in Stranda and at approximately 1,350 m a.s.l. in Vågå. The highest peak in the Stranda oceanic study region is Mt. Dalsnibba (1,495 m a.s.l.), and in the Vågå continental study region, it is Mt. Blåhø (1,618 m a.s.l).
In accordance with löFFler (2002), the specific snow-cover dynamics in alpine tundra ecosystems in Scandinavia can be described as annual variations of air and soil temperatures strongly dependent on snow cover in response to the topographic position. Alpine ridge sites commonly feature no or only minimal snow cover during long periods of the winter, and thus they often experience strong frost events penetrating deep into the ground. Minimum soil temperatures below -10 °C are often measured during the winter at snowfree alpine ridge sites (Photo 1). Such strong frosts appear more often at low-alpine ridge sites than at middle-alpine ridge sites due to the commonly thicker snow cover at the higher elevations (löFFler 2003) . In contrast to the ridges, the alpine slopes and depressions are covered by thick snowpack, isolating the ground from extreme winter temperatures; the longest lasting snow cover is found at the leeward sites (Photo 2). The snow-cover dynamics not only show elevational variation, but are also tightly linked to the overall topography.
Trapping
We collected epigeal arthropods during the snowfree period of 2009 along two elevation gradients; one in the oceanic region of Norway, and one in the continental region. Epigeal arthropods were collected from the treeline to the highest peaks from a total of 73 (oceanic, n = 32; continental, n = 41) sampling locations. The range in elevation of the sampling locations extended from 767 m a.s.l. to 1,488 m a.s.l. in the oceanic region, and from 1,029 m a.s.l. to 1,609 m a.s.l in the continental region. Each sampling location was described by its exact elevation in m a.s.l. and by its topographic position. The elevation (m a.s.l.) of the sampling locations was measured using differential GPS equipment. We conducted our sampling along a Photo 2: Typical alpine snow-cover pattern in the eastern continental study region at the end of May. The photo is taken at a middle-alpine site at around 1,465 m a.s.l. Sites with the longest lasting snow cover are the lee slopes. Here, it is mainly the southern-exposed slopes that are still covered by thick snowpack (Hein 2013 ).
subsystem of the elevational gradient in the four different toposequences ('ridge', 'southern-exposed slopes', 'northern-exposed slopes', and 'depression') displaying the strongest environmental differences within short distances in alpine environments . We labelled the sampling locations (Fig. 2) of the oceanic study site with a W and the sites of the continental study site with an E, with each sampling location identified by an A (ridges,) B (depressions), C (southern-exposed slopes) or D (northern-exposed slopes). As soon as they became snow-free, three pitfall traps were installed as described by NauJOK and FiNcH (2004) 1987, 1995) , and the nomenclature used is that of The World Spider Catalog v14.0 (PlatNicK 2013).
Statistical analysis
To balance the sampling effort for the sites, the collected material was standardised to the number of individuals caught per 100 trapnights. We used linear regression models to analyse the species-specific
Blåhø 1618 m a.s.l. abundance along the elevation gradients for all spiders (Araneae) and for the two most abundant families (Linyphiidae and Lycosidae). To avoid the risk of Type I errors, the significance of all model fits were bONFerrONi corrected (HOlm 1979; rice 1989) . For the analysis of the species composition at the sampling locations, the species-specific abundances were corrected for the number of trapnights to avoid overor underestimating the abundances.
We used the Isopam classification algorithm (scHmiDtleiN et al. 2010) to analyse the species composition of the spider fauna at the alpine sampling locations. This algorithm relies on the hierarchical partitioning of an ordination space and results in species classes that are significantly typical for a certain location. The flexible and non-linear Isomap algorithm (teNeNbaum et al. 2000) was used for the ordination. Isomap is based on geodesic distances that are, in our case, derived from Bray-Curtis distances. Partitioning around medoids (PAM) (KauFmaN and rOusseeuW 1990) subsequently delineates the classes in the ordination space. The parameterisation of Isomap and the subsequent classifications are optimised in an iterative approach to determine classes that are separated by a distinct set of species with a maximised indicative value ( phi). These indicator species are determined based on the classification, whereas the candidate classifications are based on the entire set of species. The choice of a number of classes to ensure good differentiation can be included in the optimisation procedure. Furthermore, medoid samples are provided that represent the centre or most typical sample of a class. Isopam is provided as a package for R (r DevelOPmeNt cOre team 2011).
Results
Altogether, more than 55,000 invertebrates (Araneae n = 9,726; Stranda n = 3,459 and Vågå n = 6,267) were sampled during 8,631 trapnights in Stranda and 13,065 trapnights in Vågå. Only adult spiders were identified to the species level (juveniles were excluded), leaving 2,649 adult specimens in the oceanic study region (Stranda) and 3,979 adult specimens in the continental study region (Vågå). This corresponds to approximately 0.31 adult specimens per trapnight in Stranda and approximately 0.30 adult specimens per trapnight in Vågå. Linyphiid and lycosid species were the most abundant in both the oceanic and continental study regions (Fig. 3a,  b ). In the western oceanic region, 53 linyphiid and 8 lycosid species were sampled, whereas in the eastern continental region, 64 linyphiid and 12 lycosid species were sampled. In both cases, they corresponded to more than 75% of all species sampled. Notably, the number of lycosid specimens was greater than the number of linyphiid specimens in the continental study region, a relationship that was reversed in the oceanic study region (Fig. 3c, d ).
The linear regression between the abundance of species and specimens and the elevational gradient in the continental study sites showed only one significant ( p < 0.05) relationship; in Vågå, the number of lycosid species decreased significantly with increasing elevation. No other traits were significantly correlated with elevation (Figs. 4 and 5). However, we found peaks of species richness at approximately 1,100 m a.s.l. and 1,300 m a.s.l. in the oceanic and continental study regions, respectively.
The sampling locations and the representative spider species were grouped into three classes and four subclasses by the Isopam algorithm (Appendix 1). The classes, which are exclusively based on species composition, featured clear environmental characteristics (Supplement I).
Class 1 aggregated subalpine and low-alpine sites in both study regions. The class (medoid E1086C) consisted of 22 sampling locations and was further divided into Subclasses 1.1 (medoid E1086C) and 1.2 (medoid W773C). Subclass 1.1 included subalpine and low-alpine sites with southern exposed slopes that reached, but did not extend above, the transition zone between the low-alpine and middle-alpine belts. This subclass contained 15 sampling locations, with more continental sites (n = 10) than oceanic sites (n = 5). The elevational distribution of the sites in this class ranged from 841 m a.s.l. to 1,125 m a.s.l. in the oceanic study region and from 1,029 m a.s.l. to 1,310 m a.s.l. in the continental region. In both study regions, the highest elevations for the subclass were on southern-exposed slopes. Seven indicator species were typical for these sites ( (Dahl, 1908) . In comparing all the Class 1 species, it was found that Subclasses 1.1 and 1.2 were separated from each other by the absence of Oreoneta frigida (Thorell, 1872) and Pardosa palustris (Linnaeus, 1758) at the sampling locations in Subclass 1.2.
Class 2 (medoid E1305D) aggregated low-alpine and middle-alpine sites with early and long summers, and it was also divided into two subclasses: 2.1 (medoid E1134A) and 2.2 (medoid E1449B). The entire class contained 32 sampling locations, 22 of which were ridge sites. Subclass 2.1 was dominated by ridge sites in the continental study region covering the entire elevational gradient, from the low-alpine to the pronounced middle-alpine (1,074-1,565 m a.s.l.). This subclass consisted of 15 sampling locations: 13 ridge sites and two northern-exposed and windward slopes. Only one sampling location (932 m a.s.l.) was in the oceanic study region, while 14 were in the continental region. Two typical indicator species were identified post-hoc: Oz yptila arctica Kulczyński, 1908 and Pardosa septentrionalis (Westring, 1861). Subclass 2.2 included oceanic ridge sites from the low-alpine to the middle-alpine and continental middle-alpine ridge sites and slopes. This subclass consisted of 17 sampling locations, seven of which were in the oceanic study region. Apart from one sampling location (W1427C, a middle-alpine southern-exposed slope), all of the oceanic study region sites grouped into this class were ridges. In the continental study region, four out of ten sites were middle-alpine ridge sites, three were southern-exposed slopes, two were northern-exposed and windward slopes, and one was a depression (E1449B which is characterised by minimum snowpack). The eleva- Class 3 consisted of low-alpine and middle-alpine sites with late and short summers. In the continental study region, the class was restricted to sites in the transition zone between the low-and middle-alpine belts and higher. The class contained 19 sampling locations (medoid W1225C), 5 in the continental study region and 14 in the oceanic region. This class consisted of eight depressions, seven northern-exposed slopes, three southern-exposed slopes, and one ridge sampling location. The elevations ranged from 1,069 m a.s.l. to 1,413 m a.s.l. in the oceanic study region and from 1,300 m a.s.l. to 1,514 m a.s.l. in the continental region. The indicator species (defined posthoc) for this class were Erigone tirolensis L. Koch, 1872 and Collinsia holmgreni (Thorell, 1871) . In comparison to the other classes, this class was characterised by the absence of Gnaphosa leporina, Tenuiphantes mengei, Cnephalocotes obscurus, Gnaphosa lapponum, and Alopecosa aculeata.
Discussion
The family Linyphiidae was the most speciose spider family in both study regions, followed by family Lycosidae. This is a commonly reported pattern in northern epigeal spider communities (DaNKs 1981; marusiK and KOPONeN 2002) . Other families were less abundant, which agrees with previous findings in this part of Norway (löFFler et al. 2001 ; FiNcH and löFFler 2010) and additional results from arctic regions in Canada (DONDale et al. 1997; WyaNt et al. 2011) .
In contrast to previous findings (gastON and Williams 1996; brOWN 2001; sergiO and PeNDriNi 2007), we found no linear decline in species richness with elevation. Species richness decreased only in the family Lycosidae at the higher elevations in the continental study region. This supports the suggestion by marusiK and KOPONeN (2002) that lycosid spiders might be the only family to show a clear elevationrelated decrease in species number within northern epigeal spider communities. Furthermore, our results showed a peak of species richness at the medium-elevation alpine sites in both regions. These mediumelevation locations are situated at the transition zone between the low-alpine and middle-alpine belts in both the oceanic and continental study regions. This shift from low-alpine to middle-alpine habitat apparently causes a positive ecotone effect. Such changes in spider species richness in relation to changes in habitat were previously described for the Alps by tHaler (1996) and are supported by raHbeK (1995) and brOWN (2001), who showed that species richness does not necessarily follow a linear trend, but often displays hump-shaped curves along the elevation gradients.
Using the Isopam algorithm, several indicator species for three classes and their integral subclasses were identified (Supplement I, lower left). Previous knowledge and our findings on the habitat preferences of the indicator species (Supplement I, right) point to what might be responsible for the annidation and spatial distribution of spiders in alpine tundra ecosystems. Based on these species habitat preferences, interesting west-east contrasts can be detected (Supplement I, upper left). By way of illustration, the contrasts in the spatial expansion of the Isopam classes are shown (upper left figure) in proportion to their spatial presence in the field. The steeper topographic relief in the western oceanic study region results in thicker and longer lasting snow cover in comparison to the eastern continental study region. Thus, the chionophilous elements sit lower in the western study region than in the eastern study region and show more spatial expansion relative to the chionophobous elements. Therefore, the spatial expansion of Class 3 is proportionally more in the western study region than in the eastern study region. Conversely, the chionophobous elements show a more areal expansion in the eastern continental study region due to less winter snowpack. Beyond that, the subalpine elements range higher in the eastern study region than in the western study region. Low-alpine southern exposed slopes in the continental study region, in particular, are characterised by early snow cover, but still have relatively long and warm summers. Early snow cover provides protection from strong frosts, while the overall lower amounts of snow (relative to the oceanic study region) and greater insulation result in an extended summer season.
Class 1 contained subalpine and low-alpine sampling locations from both study regions and was divided into Subclasses 1.1 and 1.2. Seven indicator species (four linyphiids, two lycosids, and one gnaphosid) were defined for Subclass 1.1, which was composed of subalpine and low-alpine sites with southern-exposed slopes reaching, but not extending beyond, the transition zone between the low-and middle-alpine belts (Supplement I). Three species were absent in this class: (1) Erigone tirolensis, an indicator species (Class 3) for low-and middle-alpine sites with late and short summers, based on our results; (2) Erigone tirolensis, which is considered a typical nival species in the Alps (tHaler 1988); and (3) Improphantes complicatus, which is found in alpine habitats on pioneer ground or dry heath in the Scandes (Hauge et al. 1978) .
For Subclass 1.2, subalpine to low-alpine sites in the oceanic study region, 11 indicator species were defined (Supplement I). The two bogs in the continental study region were in this group, most likely due to the absence of species that are typical for the lower-situated bogs, which were assigned to Subclass 1.1. The sampling locations contained a variety of species that are typically found in woodlands or forests (Supplement I). In comparison to Subclass 1.1, the indicator species for Subclass 1.2 showed a pronounced alignment in favour of damper habitats. These habitat preferences are reflected by the higher precipitation in the oceanic study region and the typically very moist conditions in low-alpine depressions, which have constant wet conditions and vegetation dominated by Sphagnum mosses (löFFler 2003) . Furthermore, the absence of Pardosa palustris, a species typically found in dry habitats (NeNtWig et al. 2013) , and Oreoneta frigida, which is presumed to be an exclusively alpine species (Hauge et al. 1978) , reinforces the classification of the Subclass 1.2 sampling locations. Our re- sults are related to the specific characteristics of the alpine treeline, which is known to be one of the most heterogeneous ecosystems, with high spider diversity (tHaler 1989; FricK et al. 2007 ). This heterogeneity of the physical environment at the treeline allows for the coexistence of species with different habitat preferences at a fine-scale (muFF et al. 2009; barriga et al. 2010) . We identified indicator species that were clearly bound to subalpine or low-alpine sites. In particular, the effect of the treeline located nearby and the influence of stand-alone trees are probably responsible for the occurrence of woodland species above the treeline in Class 1 (FricK et al. 2007 ). FricK et al. (2007) also found the higher species densities typical of open habitats further away from the trees in comparison to the forest species, which had higher densities near the trees. Moreover, the differences between woodland and alpine tundras display some of the greatest contrasts in environmental conditions (FraNz 1979) , which is exhibited by the indicator species known typically for forests and woodlands and by the absence of alpine species in this class (Supplement I). Class 2 contained low-alpine and middle-alpine sites with early and long summers, and it was divided into Subclasses 2.1 and 2.2. The indicator species for Subclass 2.1 can be described as 'extremely chionophobous', whereas the indicator species for Subclass 2.2 can be described as 'slightly chionophilous'. Subclass 2.1 contained continental low-alpine and middle-alpine ridge sites and two 'extremely chionophobous' indicator species: one lycosid, Pardosa septentrionalis, and one thomisid, Oz yptila arctica (Supplement I). Subclass 2.1 was composed almost exclusively of continental ridge sites, with only three exceptions: 'W932A', which is an oceanic ridge site, and 'E1170D' and 'E1218D', which are continental northern-exposed and windward slopes. The indicator species can be regarded as typical for alpine ridge sites in the continental study region, and they therefore represent an annidation along toposequences.
All
Two species, Erigone tirolensis and Collinsia holmgreni, were absent in Subclass 2.1. Both of these species were indicator species for Class 3 and can be regarded as 'extremely chionophilous'. The absence of these two species underscores the effect of snow cover on annidation for the spider fauna in alpine-tundra environments.
Subclass 2.2 included three 'slightly chionophilous' indicator species (in comparison to Subclass 2.1), and the sampling locations were characterised by a shorter and later summer than the sites aggregated into Subclass 2.1. The three indicator species were Walckenaeria clavicornis, Micaria alpina, and Pardosa trailli (Supplement I). The absence of Pardosa hyperborea, an indicator species for Subclass 1.1 (subalpine and low-alpine sites), and Alopecosa aculeata, a species found in damp but sunny forests up to the timberline (NeNtWig et al. 2013) , demonstrates the pronounced alpine character of the sampling locations aggregated into Subclass 2.2.
As a whole, Class 2 contained continental and oceanic ridge sites along almost the entire elevational gradient, while the lowest ridge sites were grouped into Class 1. The spatial distribution of the spiders, and in particular, the spatial distribution of the indicator species, showed a topography-dependent annidation closely related to the prevalent snow cover. The elevation gradient along these ridge sites played a secondary role. This corresponds to ecological and biogeographical findings that the alpine vegetation at ridges is the most extreme type of alpine site in the Scandes (DaHl 1956; löFFler 2003; WuNDram et al. 2010) . These fine-scale environmental gradients can be seen as spatial patterns of snow thickness and duration. Snow cover as a direct consequence of the topography and prevailing winds during the winter lead to typical patterns of snow-free ridges, but thick snowpack in the depressions and on the lee slopes (löFFler 2003; Nagy and grabHerr 2009). In our study regions, the southern-exposed slopes, especially, tended to have long-lasting snow cover lasting into the summer due to the prevailing wind direction during the winter (löFFler , 2007 . To the extent that they overwinter there, the typical species at ridge sites have to cope with huge temperature amplitudes of up to 40 K (barry 1992; löFFler et al. 2006 ). In the oceanic study region, annual temperature amplitudes of 25 K have been previously described for one middle-alpine ridge site .
Class 3 contained low-alpine and middle-alpine sites with late and short summers, and Erigone tirolensis and Collinsia holmgreni were identified as indicator species (medoid 'W1225C'). These two species are clear indicators for low-alpine and middle-alpine sites that become snow-free very late (related to short summer seasons) and can be regarded as 'extremely chionophilous' (Supplement I). Both species are absent at sites in Subclass 2.1, which primarily contains ridge sites that remain snow-free during the winter. This reflects the strong correlation between the spatial and temporal patterns of snow coverage and the annidation of ground-living spiders in alpine tundra ecosystems. For the sites aggregated into Class 3, the pronounced alpine characteristics with late and short summers were evidenced by the absence of the following species: Gnaphosa leporina; Tenuiphantes mengei, an indicator species for Subclass 1.1 (subalpine and lowalpine sites); Gnaphosa lapponum (L. Koch, 1866), typically found in alpine and subalpine regions (NeNtWig et al. 2013 Overall, our study indicates that local environmental conditions have a stronger influence on the ecology and biogeography of alpine spiders than the broad-scale climatic conditions. As such, the climatic differences between the two study regions, resulting from the pronounced differences in continentality, had little or no influence on the spatial distribution of spiders. The identified indicator species reflect elevation-related patterns and are associated with topographical constraints. Although the influence of elevation on alpine spider communities is perceived as a well-known phenomenon (lOmNicKi 1963; OttO and sveNssON 1982; cHatzaKi et al. 2005; lee et al. 2012) , our results emphasize the importance of snow cover on their ecology and biogeography.
Conclusion
Vegetation density and structure are assumed to be responsible for the species presence, richness, and composition in spider communities (e.g. scHaeFer 1970; Wise 1993; muFF et al. 2009 ). The vegetation patterns, themselves, are strongly related to the topography and its inherent environmental conditions, which is a known characteristic of alpine tundra ecosystems (e.g. gJaerevOll 1956; DaHl 1986; Nagy and grabHerr 2009). As such, the environmental condition of snow cover is the most decisive factor concerning the spatio-temporal patterns within these ecosystems (löFFler and FiNcH 2005; ODlaND and muNKeJOrD 2008). The spatial patterns of alpine vegetation are therefore an expression of the fine-scale topography-dependent snow-cover dynamics (e.g. gJaerevOll 1956; DaHl 1986; löFFler 2003) . From this perspective, our results indicate that the influence of snow cover on the spatial distribution of alpine spiders is pronounced.
Moreover, our results indicate that snow-cover thickness and duration have a direct influence on the spatial distribution of spiders (Araneae). Using a multi-scale approach, our study has demonstrated the importance of fine-scale topography-related environmental conditions on the ecology and biogeography of alpine spiders.
Appendix 1: Total number of species for the classes defined by the Isopam algorithm (using the isotab function). In addition to the classes, the total number of sampled specimens, sampling-site specific numbers, and elevational ranges (m a.s.l.) at the two study sites are shown. The species-specific frequency in the classes is shown as a percentage (%). Sampling locations with different topographic positions: A, ridges; B, depressions; C, southern-exposed slopes; D, northern-exposed slopes. The indicator species for the specific classes are highlighted in grey.
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Hierarchal clustering of the sampling sites. The hierarchal clustering of the sampling sites regarding the site-specific similarities of the spider assemblages is shown above. The Isopam analysis resulted in three classes (1, 2, 3), two of which are divided into subclasses (1.1, 1.2 and 2.1, 2.2). The post-hoc defined indicator-species and absent species of the specific classes with frequency values (%) are shown on the right. The significance is marked with asterisks: ***p < 0.001 and **p < 0.01. The indicator species and their typical habitats. Given are the indicator species for the three classes and inherent subclasses with habitat preferences known from previous studies, supplemented by our findings.
Schematic diagramm showing the distribution of the three classes in the two study regions. Class 1 (green) contains subalpine and low-alpine sites of both study regions. In the eastern study region, the subalpine elements range relatively higher than in the western study region. Class 2 (yellow) contains low-alpine and middle-alpine sites with early and long summers. In the eastern study region, the chionophobous elements range relatively deeper than in the western study region. Class 3 (purple) contains low-alpine and middle-alpine sites with late and short summers. The chionophile range sets deeper in the western study region than in the eastern study region.
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